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The co-occurrence of organicsulfur and iron sulfides m high-sulfur coal and their 
interrelationships are suggested to  play an important role in the design and effectiveness 
o f  methodsfor precombustion desulfurization. The mobility and interconversion o f  pyritic 
and organic sulfur forms can be both advantageous as well as disadvantageous. Iron cata- 
lysts have been reported to  exhibit high activity in coal asification (4). More extensive 
studies have been done regarding the role of iron sulfi$es in hydroliquefaction in which 
pyrite is transformed to  p rrhotite and H2S which will catalyze hydroliquefaction around 
380°C (5 ) .  Studying this pienomena in more detail. with coal model compounds, showed 
that 316 stainlesssteel was a radical scavenger in the H2S promoted radical chain cleavage 
o f  the model compounds, while pyrrhotite and pyrite decreased the reaction rate t o  a 
lesser extent (6-9). The formation of sulfur-containing organic compounds during hydro- 
gen sulfide promoted liquefaction leading t o  reduction of overall desulfurization is unde- 
sirable. This is especially disadvantageous i f  either inorganic sulfur or easily desulfurized 
organic sulfur compounds are converted to  less easily desulfurized thiophenic sulfur. The 
identification of organosulfur compounds in coal using reductive, oxidative, or metallic 
reagents continues to  be studied with the obvious limitations in distinguishing original 
coal structures from secondary products formed during reactions of organic compounds 
wi th  minerals, especially during pyrolysis conditions (10-18). 

In the course o f  investigation of the non-isothermal hydrodesulfurization o f  model 
organicsulfur compounds in a coal-like environment with and without troilite, it was 
found that some of the non-thiophenic sulfur from the organic compounds was absorbed 
by troilite (1). This observation suggested that during hydrodesulfurization the organic 
sulfur had migrated to  the inorganic phase. As the temperature was raised, more H2S 
evolved from the sample with troilite, suggesting reevolution by pyrrhotite t o  trolite con- 
version. 

incorporation of sulfur into troilite. One possibility, as suggested by the formation of pyr- 
rhotite confirmed by Mossbauer spectroscopy, i s  that the H2S produced from the organic 
compound was transferred t o  the inorganic phase, and then as the temperature was 
raised, H2S evolution occurred from the troilite. Another possibility was that a direct 
reaction between the troilite and the organic compound took place, forming an inter- 
mediate followed by H2S evolution from this intermediate as the temperature was raised. 
The fate and H2S evolution profile from the labeling of the mobile organicsulfur group 
has been studied in an effort t o  distinguish possible mechanisms and demonstrate the role 
o f  troilite in this process. 

MATERIALS 

dibenzothiophene (3) were prepared from dibenzothiophene (1) using our previously 
reported methods asshown in Scheme 1 (19). Compounds 2 an63 gave spectral data in 
agreement with their structural assignments, including hi fi resohion massspectral 
confirmation. Compound 2 gave m/z 232.0179 for C ~ ~ H I & S ~ ~ S  (calculated 232.0181) and 
compound 3gave mlz 232.0140. 

EXPERIMENTAL 
The coal-like mixture was prepared by grinding together 8 mg o f  compound Zor  3 

and 60 mg of charcoal (previously degassed by heating to  680°K in vacuo) with or without 
80 mg of troilite. The mixture was placed in a pyrex tube placed in a furnace. Hydrogen 
was passed through the tube at a f low of 55 mUmin while heating a t  3"/min from 523°K t o  
700°K. The evolving gaseswere analyzed for the ratio of ti2325 to H234S as the temper- 

The purpose o f  this study was to  use isotopic labeling to determine the mechanism o f  

Two 345 labeled compounds 2-(thiomethyl)di benzothiophene (2) and 4-(thIomethyl)- 
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ature was raised using a quadrupole mass spectrometer attached to  a split off the gas 
outlet. The residue was extracted with CHzCl2 t o  recover the organic desulfurized 
compound, 2- or 4-methyldibenzothiophene and the remaining residue subjected t o  the 
combustion-precipitation sequence previously reported for isotopic analysis of coal 
pyrolysate chars (1.20). 

RESULTS AND DISCUSSION 
The hydrodesulfurization of 2-(thiomethyl)dibenzothiophene(~) with and without 

troilite gave a total H2S evolution profile as a function of temperature shown in  Figure 1. 
The major process producing H2S was the desulfurization of the thiomethyl group occur- 
ing between 523°K and 600°K while the thiophenic group began to  slowly desulfurize 
around 725°K. In the presence of troilite, the total H2S evolution was similar, except less 
evolved between 523°K and 550°K. while slightly more evolved between 550°K. and 600°K. 
The amount of H234S evolved from 2 i s  expected to  follow the same profile between 523°K 
and 550°K. If some 34H2S migrated h t o  the troilite, then at the hi her temperatures, as 
the H2S reevolved from the pyrrhotite, the H234S would be d i lu te jby isotopic mixing, re- 
sulting in decreased H234S evolution relative t o  H232S evolution. A corresponding increase 
in the 345 isotopic composition of the char would then be expected. If no mixing occured, 
the H2345 evolution profile would be expected t o  follow the same pattern as the total H25, 
with no increase found in the char. 
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Figure 1. Rate of H2S evolution as a function of temperature for compound 2 and diben- 
zothiophene at a heating rate of 3"K/min: 0, compound 1 without troilite; 0, 
compound ?with troilite; A, dibenzothiophene without troilite. 
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